The gut content was analyzed in order to clarify the potential food sources of the oyster (Crassostrea gigas) and the clam (Ruditapes philippinarum) in the Akkeshi-ko estuary. Benthic diatoms in the diets of oysters were most abundant and accounted for 70% in 2003 and 67% in 2004, followed by pelagic diatoms and dinoflagellates. In gut of clams, benthic diatoms represented 78% in 2003 and 87% in 2004, also followed by pelagic diatoms and dinoflagellates. There are no differences in dietary preference between oyster and clam. There are no significant correlations between phytoplankton compositions in gut of oyster/clam and water column. The Index of electivity was high particularly in dinoflagellates and several species of benthic diatoms such as Amphora sp., Cocconeis scutellum, Nitzschia sp., Paralia sulcata, Rhoicophenia curvata and Thallasiosira sp., Gramatophora marina, and so on.
Introduction
The available living organic matter as 'phytoplankton' in water column is an important food source for suspension feeders such as bivalves (Mukai 1992 , MacDonald & Ward 1994 , Dupuy et al. 2000 . The high concentration of phytoplankton in the field can lead to an increase in suspension activity of bivalve populations and this may have a major effect on phytoplankton abundance (Iglesias et al. 1996 , Barille et al. 2003 . Analysis of stable isotopic carbon has also shown that "phytoplankton" can be a main food source of oyster and clam (Koike & Nakajima 1989 , Riera & Richard 1996 , Hsieh et al. 2000 , Yokoyama & Ishii 2003 , Kasai et al. 2004 ). However, many benthic species of diatoms were found in "phytoplankton" assemblages (Facca et al. 2002 , Kasim & Mukai 2006 , Perissinotto et al. 2002 .
Several studies of feeding habits of bivalves on the natural "phytoplankton" assemblages by gut examination have been carried out (Loret et al. 2000 , Rouillon & Navarro 2003 , Tahil & Juinio-Menez 1999 , which provide useful information about the composition of diets. Gut analysis for clarifying feeding habits has several problems such as bias from differences in digestibility of diets. However, direct observation of gut contents is needed to clarify the feeding preference in various natural food sources of bivalves (Cognie et al. 2001) .
At present, stable isotope analysis in food source of suspension feeders, especially the bivalve, has increasingly been used to estimate the potential food sources related to their natural habitats for several bivalves (Yokoyama & Ishii 2003 , Kasai et al. 2004 . Although stable isotope analysis is useful in order to estimate the feeding habits of bivalves over periods of time (Kasai & Nakata 2005) , it cannot be used to analyze the structure of bivalves' food assemblage preferential.
Oyster, Crassostrea gigas (Thunberg), and clam, Ruditapes philippinarum (A. Adams & Reeve) , are the most common suspension feeders in the entire Akkeshi-ko estuary (Mukai unpubl.) . Since collection of natural oysters led to extinction, extensive cultivation of this bivalve has been developed as an economic activity. The clam is cultured in sandy sediments of the Akkeshi-ko estuary at the shallow and intertidal flat (outer part of the estuary). Both oyster and clam are suspension feeders that may feed the 'phytoplankton' from surrounding water to growth. There are no studies focused on the utilization of 'phytoplankton' species by the clams and oysters in this region.
In this study, the food sources of bivalve were investigated for the oyster and the clam cultured in the Akkeshi-ko estuary by a gut content analysis. The aim of this research is to clarify whether oyster and clam take foods from water column with or without food selection. The structure, composition and abundance of 'phytoplankton' in the water col-umn were also examined to compare between species compositions of the diet assemblages in the gut and the field. From these results, we discuss on the importance of direct observation of gut contents.
Materials and Methods
The Akkeshi-ko estuary is the most famous culture area in Hokkaido, Japan. This estuary is situated in eastern part of Hokkaido (43°00ЈN, 144°51ЈE), northern Japan (Fig. 1) . The estuary is enclosed and connected to Akkeshi Bay by a narrow channel. Oysters are cultured by the hanging method, transplanting them onto scallop shells with lines of rope (with buoys) and submerging them. The clams were cultured near the channel of the estuary in intertidal sandy flats (Ͻ1 m in depth). Seagrass beds occur in almost all of the subtidal area in this estuary and mainly consist of eelgrass, Zostera marina, Linnaeus. 1753. The estuary is shallow and the mean depth is less than 2 m. Surface sediments mostly consist of silt and clay except for tidal flats near the cannel. The water circulation is dominated by semi-diurnal tidal current.
Field sampling were conducted monthly over two years in 2003 and 2004 , from April to December in each year, particularly for oyster and clam collection. More than twenty individuals for oysters and more than thirty for clams were collected in every sampling from the culture area by hand and put in a plastic basket. All samples were transported to the laboratory, cleaned epibionts, and fixed in 10% neutralized formaldehyde seawater solution.
For gut contents examination, soft body of 20-30 individuals of oyster and clam were separated by cutting the adductor muscle, to allow the gut collection. Particularly for oyster, just after cutting the adductor mussel, surgery methods were taken in very carefully from the right side of body to expose the digestive gland until the intestine to allow collection of all the gut contents. Gut contents from each individual were taken out and collected in sample bottles with 2 mL of filtered sea water with 5% formalin solution (e.g. Tahil & Juinio-Menez 1999) . After recording the total wet weight of gut contents, the samples were stored until examination. Diatoms were identified as to species under a microscope as well as possible. Most diatom cells which held original crust can be identified, because filter feeding bivalves can take these cells into the gut without breakdown. The identification processes were followed to the water phytoplankton observations. Dinoflagellates were counted only without species identification. Non-living organic particles were counted when it was possible to recognize them as an amorphous mass of particles under a microscope. In this paper, it is assumed that change of diatom assemblage caused by specific characteristics of crust robustness do not occur in the gut.
For 'phytoplankton' examination, a 1,000 mL seawater sample was collected monthly at 20 stations for 10 months (March-December 2003) in the Akkeshi-ko estuary ( Fig.   1 ). In winter, almost the whole surface of the estuary was covered with ice, thus water sampling was impossible. Subsamples of 100 mL were preserved with 0.2% formaldehyde solution in final concentration. 'Phytoplankton' in the water samples was condensed to 10 mL by a centrifugation. The observation samples were pipetted 2 mL from wellmixed samples and examined under a microscope using phase contrast opticsϫ100 objectives.
The 'phytoplankton' in the water sample was identified and counted to the lowest taxonomic level as far as possible. The taxonomic identification of phytoplankton was carried out according to Yamaji (1977) , Kawamura & Hirano (1989) , Mizuno & Saito (1990) , Kato et al. (1977) , Sawai & Nagumo (2003) , and the following online publications: http://www.marbot.gu.se/sss/diatoms, http://protist.i.hosei.ac.jp/index.html, http://protist.i.hosei.ac.jp/PDB/Galleries/indexE.html, http://www.bio.mtu.edu/~jkoyadom/algae_webpage/HOME.
html. Electivity of food item by oyster and clam was expressed by Electivity Index, i.e. Electivity Index (EI)ϭ(r i Ϫp i )/(r i ϩ p i ).
where r i expresses the proportion in volume of i-th food type in gut contents, and p i is the relative proportion of i-th food type in cell abundance in the field (water column). The EI value can vary between Ϫ1 and ϩ1. Positive EI means bigger proportion in the gut contents than in the field, which shows a preference for that type of food.
Results
Diatoms were abundant in oyster and clam guts during the sampling periods. Among them, benthic diatoms in the oyster's diets were most dominant and contributed 70% and 67% of total cell number in 2003 and 2004 respectively, followed by pelagic diatoms and dinoflagellates. Also in gut (Fig. 2) . From all 66 species of 'phytoplankton' identified in oyster and clam diets, 58 and 55 species were found in diets of oyster and clam, respectively (Table 1) . Twenty six and twenty seven species of 'phytoplankton' appeared in high abundance in oyster diets during 2003 and 2004, respectively. Cocconeis scutellum Ehrenberg, Nitzschia sigma (Kutzing), Nitzschia sp., and Paralia sulcata (Ehrenberg) (benthic diatoms), Thallasiosira sp. (pelagic diatom) and dinoflagellates were highly predominated in oyster's diets in all sampling periods (Fig. 3) . In the gut of clams, twentyfour and twenty-three 'phytoplankton' species occurred in abundance in the diets of 2003 and 2004. C. scutellum, Navicula rhynchochephala Kutzing, Nitzschia sp., P. sulcata, Synedra sp. (benthic diatom), Thallasiosira sp. (pelagic diatom) and dinoflagellates were highly abundant in clam's diets during the sampling periods in the Akkeshiko estuary (Fig. 4) . Dominant species in the gut contents were very similar in both the oyster and the clam. The seasonal variations of diatom groups are shown in Figs. 3 and 4. During spring, several species such as dinoflagellates, Amphora sp., C. scutellum, Nitzschia sp., Synedra ulna (Nitzsch) and Thallasiosira sp. showed an increasing trend in the gut of clam. In the gut of oyster there was similar trend for dinoflagellates, C. scutellum, Navicula sp. P. sulcata and R. arcuatum. After summer, increases of P. sulcata and Gomphonema parfulum were also detected till early autumn in gut of clams and Nitzschia sp., S. ulna and G. parfulum also in the gut of oyster. During autumn, several species such as Bacillaria paradoxa J.F.Gmelin, C. costata and N. rhinchocepala were abundant in gut of oyster and clam. The abundance of these diatom species Ͼ30ϫ10 3 cell/gDW body weight. Several species such as Amphora sp., P. sulcata, Synedra sp., Rhopalodia gibberula (Ehrenberg) and dinoflagellates were always in high abundance in gut of clam and oyster, even they were not abundant in water column (Figs. 5, 6 ). Thus, there was no significant correlation between 'phytoplankton' composition in guts of both oyster and clam and in water column (for example, Fig. 7) . No linear correlation between them means the existence of a different preference for each 'phytoplankton' species. The gut of the oyster and the clam contained a large percentage of benthic diatoms from 'phytoplankton' assemblages in water column. Even though several species of benthic diatoms were frequently found and more abundant in the field, they were few in the guts. From the gut analysis, there were no differences in dietary preference for oyster and clam. The electivity indices of several species of benthic diatoms such as Amphora sp., C. scutellum, Nitzschia sp., and. Rhopalodia sp. were high in oyster guts in almost all seasons, and Nitzschia sp., P. sulcata, and Gramatophora marina (Lyngbye) were high in clam diets in almost all seasons (Figs. 8, 9 ). On the other hand, G. marina was not preferred by oyster. The electivity indices of these diatoms have changed a little, but the pattern of preference was nearly constant in both bivalves.
However, pelagic diatoms such as Chaetoceros spp. and Skeletonema constatum (Grev.) were not preferred by these bivalves (Figs. 10, 11 ) throughout three seasons. Only one pelagic species, Thalassiosira sp., was eaten by bivalves. Dinoflagellates were preferred by the oyster and the clam in high ratio, and the tendency changed only slightly. The preference of dinoflagellates by bivalves lowered in summer (Figs. 12, 13 ).
Discussion
Stable isotopic analysis is very useful for estimation of food cascade in the benthic community (Riera & Richard 1996) . However, it would be impossible to distinguish diatom species consumed by oyster and clam. The direct observation of 'phytoplankton' assemblages is, although timeconsuming still useful to analyze species composition of 'phytoplankton' and contribution of benthic/phytal diatoms (Table 1) (Kasim & Mukai 2006) . This study demonstrated the possibility of selective feeding by bivalves, the oyster and clam. Several species such Amphora sp., Cocconeis scutellum, Nitzschia sp., and. Rhopalodia sp. and dinoflagellates were always selected by the oyster and Nitzschia sp., Paralia sulcata, and Gramatophora marina by the clam, even when they were not abundant in water column. They always occur in guts of oyster and clam during sampling periods in 2003 and 2004. In all sampling stations, most of 'phytoplankton' species in the water column observed were benthic/phytal diatoms (Kasim & Mukai 2006) . During the summer season, the diatom density increased and led to abundance in the entire area of the Akkeshi-ko estuary. Several species belonging to the genera of Amphora, Cocconeis, Nitzschia, Navicula, Paralia, Rhoicosphenia, Rhabdonema, Rhopalodia, Synedra and Thallasiosira were dominant, and this fact also indicates the importance of benthic diatoms in water column. Kawamura & Hirano (1992) recorded a similar trend for several benthic diatoms in Aburatsubo Bay for example, Amphora angusta Kutzing, Nitzschia longissima (Brebisson in Kutzing), tended to be higher in spring. Other species such as Amphora sp., C. scutellum, Nitzschia sp. and Navicula sp. tended to be higher in summer to autumn.
The very high concentration of benthic/phytal diatoms in the gut of oyster was also observed during all periods sampled when 'phytoplankton' were available in water column. Particularly for guts of clam, the highest concentration of benthic/phytal diatoms occurred during spring and early summer. The presence of benthic/phytal diatoms during sampling times in water column is caused by turbulence that carries much organic matter from sediment (Kasim 2006 , Kasim & Mukai 2006 . In contrast, several benthic/ phytal diatoms such as Navicula sp. and Rhoicosphenia curvata (Kutzing) Grunow ex Rabenh. occurred at high concentrations in water column during April to November, even though they were at low concentrations in the guts of oyster and clam.
In the Akkeshi-ko estuary, dinoflagellates, Amphora sp., C. scutellum, Nitzschia sp., Synedra ulna and Thallasiosira sp., Navicula sp., P. sulcata and Rhabdonema arcuatum (Lyngbye) Kuetzing) were the most frequently recorded species of diatoms in the gut of oyster and clam in spring, these benthic diatoms showed Ͼ30ϫ10 3 cell/gDW body weight. Similarly there were seasonally characteristic diatom species. Other benthic/phytal diatoms such as Paralia sulcata, Gomphonema parvulum (Kutzing), Nitzschia sp., Sy. ulna and G. parfulum occurred abundantly in the gut of oyster and clam during the summer, and Bacillaria paradoxa, C. costata and Navicula rhinchocepala occurred in high abundance during the autumn.
Several species such as Amphora sp., C. scutellum, Nitzschia sp., P. sulcata, Rhoicophenia curvata, Thallasiosira sp., Gramatophora marina, Rhopalodia sp. and dinoflagellates were dominant in the diets of oyster and clam which are cultivated in the Akkeshi-ko estuary (Kasim & Mukai 2006) . Cognie et al. (2001) explained that in the intertidal estuary of Bourgneu Bay, France, Crassostrea gigas fed on only benthic microalgae. There were four dominant species of benthic microalgae such as Navicula ammophila (Grunow), Navicula rostellata (Kutzing), Plagiotropis lepidoptera (W. Greg.), and Staurophora amphioxys (Gregory), which are endemic diatoms characteristic of tidal mud flat environment of Bourgneu Bay, and these represented more than 95% in cell number of the 16 species occurring in the guts of oysters. In French Atlantic coast, a benthic diatom (Nitzschia sp.) and a pelagic one (Skeletonema sp.) were the preferred foods of C. gigas (Soletchnik et al. 2001 ). In the natural planktonic community in Marenes Oleron (France 1995) , C. gigas preferentially filtered diatom species and dinoflagellates (Bougrier et al. 1997). The work about selective grazing of C. gigas and Mytilus edulis showed that 'phytoplankton', in particular benthic diatoms, was the main food source of C. gigas (Dupuy et al. 2000) . In Nishi-jima Island (Seto Inland Sea of Japan), Nakamura (2001) noticed that the clam, R. philippinarum, filtered actively the prey items larger than 2 mm (such as benthic Nitzschia spp.).
Two species of pelagic diatoms, Chaetoceros sp. and Skeletonema costatum, showed high concentration in water column, but they were unselected by the oyster (Fig. 10 ) (EIϭϪ0.77 to Ϫ091 in Chaetoceros sp. and EIϭϪ0.64 to Ϫ0.88 in S. costatum) and the clam (Fig. 11 ) (EIϭϪ0.73 to Ϫ0.96 in Chaetoceros sp., and EIϭϪ0.67 to Ϫ0.97 in S. costatum). This correlates with the feeding preference of bivalve. Using an index of electivity, several species of benthic diatoms such as Amphora sp., C. scutellum, Nitzschia sp., P. sulcata, Rhopalodia sp. and one species of pelagic diatoms (Thallasiosira sp.) and also dinoflagellates were positively selected as foods of the oyster and the clam.
Gut analysis is a useful tool to clarify the original food source of the oyster and the clam diets which are intensively cultivated in Akkeshi-ko estuary. Seven species of benthic/phytal diatoms, one species of pelagic diatoms and dinoflagellates had high possibility of preferential foods for the oyster and the clam. However, the mechanism of food preference at species level in these filter feeding bivalves is still unknown. Several factors would be estimated such as cellzorphology, cell size, nitrogen content, amount of leaked carbohydrates and so on. These factors should be examined in future, based upon species discrimination in diatom assemblage.
Benthic/phytal diatoms and dinoflagellates occurring in the guts of these bivalves were the main components of living POM from surrounding water of the Akkeshi-ko estuary. Basically, however, these bivalves are omnivorous. From the contribution analysis of organic particles, i.e., diatoms, dinoflagellates, bacteria and non-living organic particles, it appears that they may contribute to bivalve production. However, it has been suggested that non-living organic particles contribute most importantly in this estuary (Kasim & Mukai unpubl.) , otherwise bacterial contribution would be extremely small (Sakami et al. unpubl.) . Further quantitative and qualitative studies on non-living organic particles will be required. 
